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Observe common toilets, we find that they are
manufactured without considering with the rule of
human factors. When we design produces with human
factors, we think that the most important issue is
how to design useful and comfortable produces.

So, we find there are some imperious problems need to
be improved: The first, because the design of the
toilet 1s too high to use ischial tuberosities to
support the weight, user feel the sciatic nerve
uncomfortable. As the same reason, the angle between
the body and the femur is too large to defecate. The
second, the design of site is too small to use
1schial tuberosities to support the weight; it
causes a dirty site, because the location for sitting
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1s not obvious enough so that user cannot sit on a
suitable location. The last one, the sitting space is
not long enough for the male, so it possible that the
penis touch the edge of the toilet. This also causes
a dirty toilet.

Besides, the apparel of the toilet is not beautiful
and hard to clean. In this thesis, we also change the
apparel of the toilet.

In this thesis, we want to use functional posture to
find the best functional measurement to improve and
design the toilet.

Functional Posture -~ Functional Measurement ~ Toilet -
[schial Tuberosities
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Abstract

Observe common toilets, we find that they are manufactured without considering with the rule
of human factors. When we design produces with human factors, we think that the most important
issue is how to design useful and comfortable produces.

So, we find there are some imperious problems need to be improved: The first, because the
design of the toilet is too high to use ischial tuberosities to support the weight, user feel the sciatic
nerve uncomfortable. As the same reason, the angle between the body and the femur is too large to
defecate. The second, the design of site is too small to use ischial tuberosities to support the weight;
it causes a dirty site, because the location for sitting is not obvious enough so that user cannot sit on
a suitable location. The last one, the sitting space is not long enough for the male, so it possible that
the penis touch the edge of the toilet. This also causes a dirty toilet.

Besides, the apparel of the toilet is not beautiful and hard to clean. In this thesis, we also
change the apparel of the toilet.

In this thesis, we want to use functional posture to find the best functional measurement to
improve and design the toilet.

Key words : Functional Posture ~ Functional Measurement ~ Toilet ~ Ischial Tuberosities
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An Ergonomic Method for WMSDs prevention

Chi-Yuang Yu, ChihYong Chen, Chien-Wei Liu

INTRODUCTION

Work-related musculoskeletal disorder (WMSD) is a serious occupational safety and hygiene
problem in industrial countries, affecting not only the health of workers but also causing tremendous
cost to industry due to work absenteeism, medical expenses, and productivity loss (Liang 2003).
According to EU, US, and Japanese statistics, the percentage of occupational injury lost work days
that are attributable to WMSD is consistently high: EU 38% (ERUOGIP 2007), US 32% (BSL 2007),
and Japan 41.2% (Suka & Yoshida 2005). The total loss due to WMSD in the EU is as high as $216
billion US, and in the US itself $168 billion. In Taiwan, the percentage is about 33%, resulting in a
loss of $2 billion NT each year (BLI 2010).

Although the causes of WMSD include diverse generic and occupation specific factors,
nevertheless it is generally agreed under long-term exposure condition, the leading occupational
causes of WMSD are awkward working posture, over-exertion, repetitive motion, vibration,
unfavorable temperature, and (Lee 1999).

To prevent WMSD for a workplace, the approach is to identify key risk factors of WMSD, and then
for each risk factor, to design an improved design that eliminates or lowers the severity of these
factors, so that worker’s musculoskeletal stress is lowered.

Aiming at eliminating or reducing the risk factors of WMSD, a logical and stepwise ergonomical
intervention technique for WMSD prevention has been developed and evolved in recent years.

METHODS
This technique consists of a checking-typed process chart (Figure 1) and 3 diagrammatic
standard operation procedures (SOP, Figure 2). The process chart consists of 5 stages: “work

” “

observation,” “risk factor diagnosis,” “design improvement,” and “result evaluation,” and “other
intervention”; the 3 worksheets are used to assist information recording for work observation, risk
factor analysis, design improvement idea development, and result evaluation, or suggestion of other
intervention alternatives.

“Work observation” is used to record the current work situation, such as workplace layout,
equipment and tools, working parts and materials, worker characteristics, as well as task analysis of
the work performance. This phase is meant to collect background information for “Risk factor
diagnosis.”

“Risk factor diagnosis” analyzes and identifies the key risk factors (e.g. awkward posture,
over-exertion, high repetition, tissue compression, and vibration) that lead to musculoskeletal stress
during task performance.

“Design improvement” is seeking a better work method and/or workplace design via "machine

substitution,” “work method improvement,” or “work posture improvement.“ This is the idea
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development stage in which factors identified by “risk factor diagnosis” are reduced or eliminated.
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Fig.1 Ergonomic intervention process chart for the Fig.2 SOP work sheet #1 for the driver’s seat final
driver’s seat final assembly. assembly.

“Result evaluation” gauges the effectiveness of the design improvement, e.g. reduced
musculoskeletal stress and increased satisfaction rating and work efficiency.
If the result is not entirely effective, then “other interventions,” such as “health fithess promotion”
or “work-rest scheduling” and etc. are recommended.
3 SOP worksheets are used in recording information and data analysis for intervention (Figure
2). The first sheet is used to record and draw information about the current work situation, to analyze
risk factors, and to sketch design improvements. The second sheet is used for photo bookkeeping.
The third sheet is used for risk factor analysis, such as key indicators method (KIM) checklist or
biomechanical analysis of joint stress.
This intervention technique will be demonstrated using the example of a “driver’s seat final
assembly” operation in the following Section.
RESULTS
The intervention process of this driver’s seat final assembly is marked with a red line as illustrated

in Figure 1. The logic of the process is described as follows.

Work Observation

Driver’s seat final assembly means fitting the inner form onto the seat chassis and covering it with
external upholstery. Upon completion of assembly, the worker unloads the seat and carries it to the
oven for temperature setting. This final assembly involves 3 workstations: the inner form assembly,
the final assembly, and the temperature setting oven, as illustrated in Figure 2 on SOP work sheet #1
and Figure 3 below. The inner form assembly workstation is the last workstation of conveyor A; the
final assembly workstation is likewise the last workstation of conveyor B. These 2 conveyors are
parallel and 120 cm apart. The oven is 2 meters away from the end of conveyor B. The working
surfaces of all 3 of these workstations are 78 cm high and the working height ranges between 78 cm
and 110 cm. The size of the inner form is about 40 cm x 40 cm x 15 cm, but only weighs 600 g. The



external upholstery is the vinyl cover of the inner form, weighing 500 g. The final assembly of the
driver’s seat has a size of 40 cm x 40 cm x 75 cm, and weighs 22 kg. The worker is a 27-year-old
male of 160 cm height and 60 kg weight.

First, the worker grabs the form materials from conveyer A, assembles them with glue, and
com-presses them with the power press on conveyor A for 5 seconds. Then he takes the form
assembly and turns to the final assembly workstation of conveyer B. He fits the form assembly onto
the seat-pan chassis, and then grabs the external upholstery from conveyor B, wraps it over the form
assembly, and pulls the rim of upholstery beneath the chassis. Then he tilts the seat 90 degrees to
reveal the button of the chassis, whereupon he fastens the upholstery with a stapling gun at 20 sites.
After completing this final assembly, the worker then unloads the seat and carries it 2 meters to the
oven for temperature setting.

The work cycle is 3 minutes; the worker must complete 160 repetitions in an 8-hour work shift.

(@) (b)

Fig 3. (a) The final assembly of covering the form material with external vinyl upholstery. (b) The worker carries the final

assembly of the driver’s seat to the oven for temperature set-ting.

Risk Factor Diagnosis

The key risk factors of this work activity are awkward working posture, over-exertion and repetition.
The worker has to lift the completed driver’s seat, hold it against his chest, and carry it 2 meters to
the oven every 3 minutes. The driver’s seat weighs 22 kg. The KIM checklist shows a load rating
point of 4, a posture rating point of 4 (because of the bulky load and the great horizontal distance),
and a working condition of 0, and multiplied by a time rating point of 4, the total risk score is 32. This
score indicates a physical overload for the average worker, thus redesign of the workplace is
recommended. It is noted that a risk rating of 4 is considered as a risk factor, therefore awkward
working posture, over-exertion and repetition were identified as risk factors.
The analysis of biomechanical load moment on the shoulder is 28 N-m, on the elbow 25 N-m, with a
compression force on L5/S1 of 1585 N. This compression force is 46.7% of the action limit (3400 N).
It can be considered a heavy workload since the worker must perform 160 repetitions a day.

Design Improvement
To develop a feasible design for reducing the risk factors of this work - awkward working posture,

over-exertion and repetition, various idea alternatives are checked, as depicted on the intervention
process chart (see Figure 1). First, "machine substitution“ is checked. Among this category, there are
several sub-categories, such as machines, force-saving devices, conveying devices, tools, holders
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or racks, and so on, as listed on the left block diagram of the chart. Under holder sub-categories, a
rotation-al arm seems to be a feasible substitution for the manual force of the worker. It is obvious
that it can reduce the stress due to over-exertion and repetition.

The rotational arm consists of a main post of 10 cm diameter and 90 cm high. On the top of the
post is a bearing cap. The cap is fabricated with an extendable horizontal bar. On the end of the bar
there is a horizontal plate for holding the driver’s seat. (see Figure 4.)

The rotational arm is installed in between the final assembly workstation and the oven. The worker

is now tasked to direct and insert the horizontal plate under the driver’s seat. The rotational arm
carries the driver’s seat, so the worker need only swing it to the oven, and push it inside. By this
method, the worker’s load is significantly reduced.
Since “machine substitution” is feasible (“Yes” on the process chart), the process moves forward to
“‘work posture improvement.” He need not have to bend his head laterally since his eyes are not
blocked by the chair anymore, so his working posture is in good erect-standing working posture, as
listed in the block. So the design improvement has completed reduced the 3 identified risk factors.

Fig 4. Idea sketch of rotational arm for carrying the driver’s seat to the oven.
Result evaluation

Based on the improved design, the worker’s stress is significantly reduced, and work efficiency
increased. Analysis by Key Indicator Method reveals that the load rating point is now 1(less than 1
kg), the posture rating point is now 1 (erect standing), and the working condition is 0. Multiplied by a
time rating point of 4 (as no lifting is required), the total risk score has fallen to 8. This indicates that
physical stress has been significantly reduced.

Biomechanical analysis shows that after the improvement, load moment on the shoulder has been
reduced from 28 N-m to 3 N-m, on the elbow from 25 N-m to 2 N-m, and the compression force on
L5/S1 has been reduced from 1585 N to 392 N, which is just 11.5% of the action limit (3400N).
Other intervention
Since the workplace and work method are improved, and the result evaluation shows that the

musculoskeletal stress of the work can be effectively reduced, no other intervention is needed.

CONCLUSION
Our technique is the result of a long-term evolution. To date, we have intervened more than 1000
WMSD workplaces, through trial and error so it gradually evolved and refined.
To date, this ergonomical intervention method has been used to counsel 250 factories, more than
1000 workplace. Results of workplace improvement intervention are highly recognized. after
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intervention, the lumbar compression force reduces about 20%-73%, complains of pain and
discomforts of workers drops, and work performance increases significantly(Figure 5). Moreover, the
cost of intervention is generally low, the majority is generally less than 2000 US dollars. (Figure. 6).

20-150%

Cost of intervention
5%

150%

15%

100%
L5/81

compression
force

work 80%
performance m <10 thousand dollars
20~60% @ <50 thousand dollars

20~713% = >100 thousand dollars

ITTT Tl

50% .
complaints

0%

50%)

[T T

100%

Fig 5. The percentage of reduction of L5/S1 compression Fig 6. The cost distribution of intervention.
force, complaints, and increase of performance after

intervention.

In general, this intervention technique is effectively applicable to 97% of cases. Because of its
general application, it can be used as a DIY directive in guiding ergonomists, industrial hygienists,
and field supervisors to improve workplaces and/or work methods toward the prevention of WMSD.
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